• Adropin is a newly defined peptide hormone with essential roles in metabolic homeostasis, such as controlling fatty acid metabolism and prevention of insulin resistance. This study evaluates the relationship between nonalcoholic fatty liver disease and adropin in adults. We suggest that adropintargeted studies will contribute to the prevention or treatment of metabolic diseases in the future.
total of 51 patients with a mean age of 37.9 ± 9.96 years diagnosed with grade 2-3 hepatosteatosis and 30 healthy control cases with a mean age of 34.8 ± 9.5 years were included in the study. Serum adropin levels in the NAFLD group were statistically significantly lower than in the control cases (588.4 ± 261.0 vs. 894.2 ± 301.2, respectively; p < 0.001). The study participants were further subdivided into 2 groups as patients with ( n = 35) or without ( n = 46) insulin resistance using the serum homeostatic model of assessment-insulin resistance (HOMA-IR). Serum adropin levels were statistically significantly lower in patients with insulin resistance ( p < 0.01). There was a negative correlation between adropin levels and serum insulin, HOMA-IR, urea,
Introduction
Nonalcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic steatosis in the absence of any other causes of chronic liver disease, alcohol consumption, or treatment with steatogenic medications. It comprises a wide spectrum of histological alterations ranging from simple fatty infiltration to nonalcoholic steatohepatitis and cirrhosis [1] . NAFLD is the most common chronic liver disease in developed countries, affecting approximately 34-46% of the general population [2, 3] . The pathogenesis of NAFLD has not been clearly elucidated yet; however, some mechanisms have been proposed, these include: disturbances in adipocytokine regulation, increase in free fatty acid synthesis, and de novo lipogenesis in hepatocytes, inhibition of synthesis of apolipoprotein B-100, disturbances in beta-oxidation of fatty acid and augmented oxidative stress, insulin resistance, and inflammation [3] [4] [5] . NAFLD is regarded as the liver presentation of metabolic syndrome, which is associated with obesity, insulin resistance, type 2 diabetes, and/or dyslipidemia [6] .
Adropin is a 76-amino acid peptide encoded by the energy homeostasis-associated (Enho) gene. Adropin was first identified by Kumar et al. [7] in liver and brain tissues of rats. This peptide was later also determined to be present in the heart, intestine, kidney, pancreas, umbilical vein, salivary glands, some peripheral tissues, and plasma [8, 9] . Adropin is a regulator in obesity-associated hyperinsulinemia, lipid/glucose homeostasis, and energy metabolism. Its secretion is mediated by dietary macronutrients [7] . In experimental studies, systemic injections of adropin have been shown to improve skeletal muscle insulin sensitivity and to promote weight loss [10] . Adropin has been shown in the literature to be decreased in many diseases, such as type 2 diabetes, diabetic nephropathies, coronary atherosclerosis, hypertension, and polycystic ovary disease [11] [12] [13] [14] . Serum levels of adropin were shown to be decreased among pediatric adolescent patients with NAFLD [15] . However, data on adropin levels in pediatric and adult patients with NAFLD are limited. The aim of this study was to determine the association of adropin with hepatosteatosis in adult patients. We also aimed to investigate its association with insulin resistance. We hypothesized that adropin levels are also decreased among adult patients with NAFLD and insulin resistance.
Materials and Methods

Study Design and Subjects
Fifty-one consecutive patients admitted to the Internal Medicine department and diagnosed by ultrasound with grade 2-3 hepatosteatosis were included in this study. Thirty consecutive patients without any known chronic diseases who were shown not to have hepatosteatosis were included as the control group. Patients with chronic diseases such as diabetes mellitus or hypertension, postmenopausal women, pregnant women, patients on steroid treatment, patients diagnosed with malignancy, and obese patients with a body mass index (BMI) > 30 were excluded from the study.
The age, gender, weight, height, medical history, and smoking history of the patients were recorded. Blood samples were obtained after overnight fasting, and laboratory data, including serum glucose, urea, creatinine, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl transferase (GGT), alkaline phosphatase, calcium, C-reactive protein (CRP), sedimentation, complete blood count, total cholesterol, triglyceride, high-density lipoprotein-cholesterol, low-density lipoprotein cholesterol, thyroid-stimulating hormone, and insulin levels, were recorded. During the routine blood tests, one more biochemical tube blood was obtained from the study participants that was centrifuged at 4,000 rpm for 10 min and the obtained sera were preserved at − 80 ° C.
The BMI of the participants was calculated as weight (kg)/ height squared (m 2 ). The insulin resistance of the patients was calculated using the homeostatic model of assessment-insulin resistance (HOMA-IR) formula: HOMA-IR = [fasting serum insulin (μIU/mL) × fasting serum glucose (mg/dL)/405]. Diagnosis of NAFLD was performed based on increased echogenicity via ultrasound, compatible with fatty infiltration of the liver, by an experienced radiologist [16] .
Measurement of Serum Levels of Adropin
For the measurement of adropin levels, enzyme-linked immunosorbent assay (ELISA) kits (Human AD [Adropin], ELISA Kit Synonyms: ENHO, Energy Homeostasis Associated, Catalog No. E-EL-H5307; Elabscience ® , China) were used. The analytical (linear) detection range was 12.50-800 pg/mL for adropin. The minimal detection limit was 7.50 pg/mL. The reported intra-and interassay CVs were 4.78 and 4.38%, respectively.
Statistical Analysis
The data was tested for normality with the Kolmogorov-Smirnov test. For the comparison of parametric data between 2 independent groups, an independent sample t test was performed. For data that were not normally distributed, the analysis was performed with the Mann-Whitney U test. The correlations between adropin and other parameters were analyzed by the Spearman test. A p value < 0.05 was regarded as statistically significant.
Results
Fifty-one patients (25 female, 26 male) diagnosed with grade 2-3 hepatosteatosis and 30 healthy control cases (16 female, 14 male) were included in the study. The demographical and laboratory data of the study participants are summarized in Table 1 . Serum adropin levels in the NAFLD group were statistically significantly lower than those of control cases ( p < 0.001). Serum triglyceride ( p < 0.001), insulin ( p < 0.001), glucose ( p = 0.048), and HOMA-IR ( p < 0.001) levels were statistically significantly higher in the NAFD group than in the control group ( Table 1 ) .
The study participants were further divided into 2 groups as patients with insulin resistance ( n = 35) and those without insulin resistance ( n = 46) based on the HOMA-IR levels. The comparisons of these groups are summarized in Table 2 . Serum adropin levels were statistically significantly lower in patients with insulin resistance ( p < 0.01; Table 2 ).
The results of the correlation analysis of serum adropin levels with other parameters are summarized in Table  3 . A negative correlation was observed between adropin levels and serum insulin, HOMA-IR, urea, GGT, total cholesterol, and triglyceride levels ( Table 3 ; Fig. 1 , 2 ).
Discussion
We determined statistically significantly lower serum levels of adropin in patients with hepatosteatosis compared to healthy controls cases. Moreover, adropin levels were significantly lower in patients with insulin resistance. It is not surprising that parameters of insulin resistance and metabolic syndrome were significantly higher in the patients with hepatosteatosis compared with the healthy control cases. To the best of our knowledge, this is the first study to report the association of serum levels of adropin with insulin resistance and NAFLD in adult patients. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; HOMA-IR, homeostatic model of assessment-insulin resistance; ns, not significant. Some mechanisms are suggested to define the association of insulin resistance with metabolic disorders, such as disturbances in hypothalamic centers of energy homeostasis, impaired peroxisome proliferator-activated receptor gamma (PPAR-γ) activation, endothelial dysfunction, and inflammation, as have been mentioned elsewhere [17, 18] . As these metabolic disorders are very common [2] , it is important to define the molecules that play a role in the pathogenesis, and thus determine the new therapeutic targets.
Adropin is a newly defined peptide hormone with important roles in metabolic homeostasis, such as controlling fatty acid metabolism and preventing insulin resistance, dyslipidemia, and impaired glucose tolerance. Recently, plasma adropin levels were reported to be lower in patients with metabolic syndrome compared with healthy obese subjects or those with normal weights [19] . Some mechanisms are suggested to define the role of adropin in metabolic syndrome-associated diseases. In an experimental study, synthetic adropin was determined to augment the total lipoprotein lipase (LPL) production and secretion in hepatocyte cultures [20] . LPL is located at the capillary endothelium and it catalyzes the hydrolysis of endogenous and exogenous triacylglycerol complexes to glycerol and free fatty acids, and for that reason it plays an essential role in the clearance of triacylglycerol-rich plasma lipoproteins. LPL is thus suggested to be a protective factor in NAFLD, and adropin is suggested to increase the production of this protective factor [20, 21] .
NAFLD has been reported to be associated with endothelial dysfunction [22] . Interestingly, Baka et al. [23] reported increased maternal levels of adropin in severe intrauterine fetal growth restriction, which might represent a regulatory feedback mechanism against endothelial placental dysfunction. Endothelial functions that are also important in metabolic regulations and insulin sensitivity are mainly regulated by nitric oxide synthesis [24] . The expression of endothelial nitric oxide synthetase was shown to be induced by adropin, and adropin deficiency was reported to be associated with decreased nitric oxide levels in endothelial cells [8, 25] . On the other hand, adropin was also associated with the expression of hepatic lipogenic genes and adipose tissue PPAR-γ, which is a nuclear receptor with a major role in the regulation of energy homeostasis and metabolic functions. Through induced nitric oxide synthesis and regulation of PPAR-γ receptor activation, adropin may be suggested as being a director in energy metabolism and endothelial functions [7, 26] . In the development and progression of NAFLD, the role of inflammation is obvious. However, the data on the association of adropin with inflammation is limited. A study by Wu et al. [12] showed a negative correlation between adropin and levels of CRP. Adropin may be suggested as a potential anti-inflammatory protein, with a protective role in inflammation-related metabolic diseases.
We found only one study on adropin and fatty liver disease in the pediatric age group. Sayın et al. [15] compared 64 obese adolescent patients (30 with NAFLD, 34 without NAFLD) with 36 healthy control cases and showed that serum levels of adropin were significantly lower in patients with NAFLD than both obese patients without NAFLD and healthy controls. Moreover, in a logistic regression analysis, lower serum adropin levels were reported as the only independent risk factor for hepatosteatosis, and the authors suggested serum adropin levels as a marker of NAFLD in adolescents. Similarly, in adult patients, we also determined significantly lower serum adropin levels in the NAFLD group compared to healthy controls.
Diets rich in fat but low in carbohydrates were shown to cause an increase in levels of adropin, while diets rich in simple carbohydrates were determined to cause a decrease in serum adropin levels and to enhance obesity [27] . In another experimental study, adropin-deficient rats with the presence of insulin resistance and dyslipidemia were reported to have high lipid and triglyceride contents in liver tissues, and in that study hyperinsulinemia was reported to be associated with hepatic lipogenesis [24] . In our study, consistent with previous experimental studies, patients with insulin resistance were found to have lower serum adropin levels compared with patients without insulin resistance.
Kałużna et al. [28] reported a negative correlation between adropin levels and the BMI of patients. Moreover, Butler et al. [29] reported an increase in serum adropin concentrations after gastric bypass surgery. In that study the mean BMI of the participants was 37-65, which was very high compared to our study. Adropin concentrations were reported to be increased after Roux-en-Y gastric bypass, reaching a peak 3 months after surgery. However, we did not evaluate serum adropin concentrations in patients with different BMI levels, which is a limitation of our study.
Interestingly, in an experimental study in mice, Gao et al. [10] reported an improvement in glucose tolerance and a decrease in insulin resistance with adropin treatment. Moreover, in a study by Akcilar et al. [30] , adropin administration caused a decrease in blood glu- cose levels and an improvement in insulin resistance in rats with streptozocin-induced diabetes mellitus. In the light of these data, adropin may be regarded as a potential target for the treatment of metabolic disturbances associated with insulin resistance. In addition, studies on the role of adropin in the treatment of NAFLD are warranted.
In this study we determined a negative correlation between levels of adropin and total cholesterol and triglyceride levels. The role of adropin in the development of obesity is still not clear [31] . If there is a casual association, then administration of adropin, or pharmaceuticals that promote its production, may be a novel approach in the treatment or prevention of dyslipidemia, obesity, or metabolic syndrome development.
One limitation of this study is the lack of comparison of different BMI groups, as mentioned above. A second is that some other adipokines and pro-inflammatory cytokines were not studied, nor was the correlation of oxidant-antioxidant status with adropin levels.
Conclusion
We determined a decrease in serum adropin levels among adult patients with NAFLD compared with healthy controls. We also found lower levels of serum adropin in patients with insulin resistance. Studies investigating the association of adropin with other inflammatory parameters are warranted to define its exact role in the pathogenesis of hepatosteatosis. Its role in the treatment of NAFLD should also be explored.
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